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McHugh, Ryne P. M.S., Purdue University, August 2011.  Virtual Prototyping of a Mechatronics 
Device.  Major Professor: Haiyan Zhang. 
Global market demands and economic turbulence have driven companies to seek 
innovative ways to reduce cost. Therefore, the primary goal of this research is to show the validity 
of virtual prototyping, within the realm of mechatronics, as a means to reduce costs in the 
development phase of product design.  
 Mechanical, electrical, and embedded software engineering are being combined in 
modern products. This combination has come to be known as mechatronics. The high level of 
multidisciplinary interaction makes it difficult for collaboration and use of computers in 
Mechatronics’ design. 
Dassault Systems’ SolidWorks and National Instruments’ LabVIEW are industrial grade 
softwares that can be used in the development and deployment phase of engineering design. 
SolidWorks is used for physical modeling and analysis of geometric parts, while LabVIEW is used 
as a programming language for control logic and data acquisition. National Instruments has 
developed a module, known as SoftMotion, which allows communication between these 
programs and thus the ability to develop and analyze fully functional prototypes virtually. This 
provides a new field for optimal design and development of multidisciplinary mechatronics 
systems with fewer design iterations and low cost. This research will develop and analyze a fully 
functional virtual prototype. 
 In this directed project the researcher developed and analyzed a virtual prototype of a 
product-vending device, because was a useful device for exemplifying virtual prototyping of a 




dispensed was one of 16 available, and chosen by the user. It was meant to be similar to vending 




SECTION 1. INTRODUCTION 
This chapter provides an initial introduction to the mechatronics virtual prototyping 
project. It includes information regarding the relevance of the research, technical terms used in 
the study, and parameters by which the research will be conducted. Finally, the processes used 
to complete the experiment will be detailed.  
1.1. Statement of Problem 
 Mechatronics devices are modern machines with high levels of complexity that require 
the input of multiple engineering disciplines during their design and design verification. Traditional 
prototyping development, with independently designed subsystems, often results in multiple 
iterations of design.  In the design of mechatronics devices, the whole systems are required to be 
modeled and analyzed concurrently in order to achieve the best performance of the products 
(Mathur, 2007). Obviously the traditional approach does not well suit the development of 
mechatronics devices due to the time and cost involved with their development and testing. Can 
virtual prototyping of mechatronics devices provide a valid and reliable alternative to numerous 
iterations of physical prototypes for use in product design verification? 
1.2. Significance of Problem 
The instability of the global economy is increasing the demand for more flexible designs, 
quicker time to market, and more capable products. Not only does the market demand better 




the earliest design phases of complex machines, where the most development costs are incurred 
(de Kleuver, F., & Hamlyn, F. J., 2008).  
The use of computer-aided design is not something to be considered new. It has been a 
staple of design for decades. Not only have computers been used for modeling of physical parts, 
but also the development of the logic that governs their action. However, the individuals trained in 
these disciplines are not working simultaneously. The modeling of structural component geometry 
is typically developed first while the electrical components and control logic are forced to work 
around what has been developed first (Mathur, 2007). Virtual prototyping enables them to work 
simultaneously. This synergy can lead to better outputs in a shorter time period, while also 
reducing the number of design iterations, thus reducing cost and time to market and increasing 
functionality.  
1.3. Scope 
This project was a study of a modern prototyping technique for mechatronics called 
virtual prototyping. Traditional prototyping techniques are cumbersome and expensive. This is 
especially true for mechatronic devices. Therefore, the scope was aimed at modern mechatronics 
prototyping known as virtual prototyping.  
Identifying the traits of mechatronic devices paved the way for virtual prototyping 
examples of said devices. These prototypes included solid models, motion control logics, and in 
depth dynamic analyses.  
1.4. Assumptions 
Throughout the completion of the project, the researcher made the following assumptions: 
Physical prototypes are indispensible, but the number of which can be reduced. 
Material simulations are accurate 
Motion simulations are accurate 




Software will operate in accordance with the manufacturer’s specifications. 
1.5. Limitations 
 There are many elements of research that are out of the control of the researcher. These 
elements include: 
The interoperability between the different softwares used in the study. 
The accuracy and functionality of the different softwares used in the study.  
The use of numerous types of virtual sensors. 
1.6. Delimitations 
The study was delimited by the following:  
The construction of physical prototypes. 
Only a serialized process was used during this study. 
The thermodynamic analysis necessary for a refrigerated unit or one that prepares 
heated items was not performed.  
Programming logic used to monitor the temperature of the product storage area. 
Total array size was four shelves and four columns. 
The vending system did not process the product (i.e. cooking). 
The accuracy of the solver was at its lowest setting. 
The software was located on a server and run over a network. 
A cost comparison between VP and PP was not performed. 
SolidWorks 2009 SP 2.1 was the only software used for CAD modeling. 
The researcher created all the CAD geometry. 
The researcher determined the size and location of all functional components. 
LabVIEW 2009 SP1 was the only software used for logic and motion control 
programming. 
 




The SoftMotion Module was used to create a connection between SolidWorks and 
LabVIEW 
 
The researcher, through any available suppliers, did all motor selection. 
1.7. Definitions 
Actuator – “Devices used to create action or motion” (Alciatore & Histand, 2003, p. 373).  
Mechatronics – “An interdisciplinary field of engineering dealing with the design of products 
whose function relies on the integration of mechanical and electronic components coordinated by 
a control architecture” (Alciatore & Histand, 2003, p. 2). 
Microprocessor – “A single, very-large-scale-integration chip that contains many digital circuits 
that performs arithmetic, logic, communication, and control functions” (Alciatore & Histand, 2003, 
p. 239). 
PP – Physical Prototype – “System integration to ensure components and subsystems work 
together as expected used as solid milestones to provide tangible goals, demonstrate 
progress, and enforce the schedule for the team” (de Kleuver, F., & Hamlyn, F. J., 2008, p. 20).  
  
VP – Virtual Prototype - A computer model of a product presented in a virtual environment with, 
ideally, all information and properties included, for the analysis and evaluation” (Hren and 





SECTION 2: REVIEW OF LITERATURE 
2.1. Introduction 
This literature review is a collection of publications relevant to mechatronics, virtual 
prototyping, modern design methodologies, and standalone vending devices. It also included 
research on traditional design methodologies and the software that has helped to usher in a new 
era of design. The review recounted journal entries, periodicals, and literature that addressed the 
topics valued in this study; namely mechatronics, virtual prototyping, and their potential to 
improve engineering design practice in industry.  
Collegiate subscriptions to business technology search engines supplied by Purdue 
University provided the majority of the information regarding the practices of current engineering 
design teams, what is seen as important steps for the future, as well as what has been the 
paradigm of the past. This was the bulk of the reviewed literature, but textbooks on mechatronics 
as well as current and potential future business practices proved useful as well. Finally, 
educational search engines provided information on what current educators see as important for 
the future of mechatronic engineering design. The overlap between the information found in these 
variously locations led to the assumption that not only was adequate material compiled, but also 
the information was valid and credible. 
2.2. Mechatronics 
Many modern products are blending a number of engineering disciplines. Specifically, 
mechanical, electrical, and embedded software engineering are being combined in modern 
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2.3. Virtual Prototyping 
There is a very large amount of overlap and agreement in the literature concerning VP. 
As a general definition, de Kleuver and Hamlyn (2008) state that it is a model meant specifically 
for analysis that allows the designer to predict with confidence how their product will behave. 
Their omission of VP’s computer-based environment leaves something to be desired. Santori 
(2009) also fails to mention the same idea, but does expand the definition to include the 
combination of software, mechanical, and electrical systems. Hren and Jezernik (2008) 
incorporate the use of computers claiming “Virtual Prototyp[ing] refers to a computer model of a 
product presented in virtual environment with, ideally, all information and properties included, for 
the analysis and evaluation” (p. 822). There is still some ambiguity with respect to mechatronics.  
The most valuable definition was found to be Mathur’s (2007), as it is tailored specifically 
to mechatronic devices. “A virtual machine prototype is a 3D CAD model that interacts with a 
simulation of a machine controller to visualize and test machine movements and logical 
operations” (Mathur, 2007, p. 1). The reference to the machine controller as well as the CAD 
system is what separates this definition from the others. 
It is quite clear that all the authors have a common thread in their thoughts on virtual 
prototyping (VP). They all see it as an analytical tool used for evaluation of a product or design. 
The disagreement between them is more their level of detail than actual meaning. Mathur’s 
(2007) detailed explanation will be used as the meaning for virtual prototyping in the remainder of 
the literature review. 
2.4. Traditional Design 
Traditional design methods have been used for decades to develop products in industry. 
These methods are typically a sequential design method. That is, those proficient in the important 
design areas operate independently and are forced to work around what the previous designer 
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 “Getting input from controls and electrical engineers early in the design process can 
significantly lower risk” (Mathur, 2007, p. 2). This is the basis for a 21st century mechatronics 
design paradigm. Mathur (2007) expands on the idea saying these methods can streamline and 
improve design by integration of available development practices and technologies. This can also 
to improve satisfaction of customer needs and speed design while streamlining the debugging 
process (Mathur, 2007). It is clear Mathur believes a parallel design scheme can improve the 
design process. de Kleuver and Hamlyn (2007) also believe it is advantageous that concurrent 
engineering takes place in the early product stages, allowing development processes to be 
carried out simultaneously. Stackpole (2009) agrees, making the statement “cross-collaboration 
between disciplines is important because every decision has a ripple effect in a mechatronics 
design” (p. 43). Others see VP as a means to achieve this parallel design. 
 VP is a relatively new idea, but years before it reached the level of application it has 
today, Schaaf and Thompson saw its potential. They thought VP could “facilitate communication 
between different engineering disciplines during the early design process (Schaaf & Thompson, 
1997, p. 941).” More recently when VP reached a higher level of application, Mathur (2007) 
reiterated their point: “prototyping the machine virtually also can increase interaction among 
design team members early in the machine design process, resulting in a better final machine”   
(p. 2). In other words, it can “streamline the parallel design path all the way to product 
deployment” (Bartos, 2007, p. 26). Increased collaboration isn’t the only advantage of the modern 
design paradigm that makes use of VP. Modern design through virtual prototyping can also 
reduce costly physical prototypes (PP). 
Schaaf and Thompson anticipated these benefits as well. They mentioned that 
development costs could be reduced by using computer models to evaluate designs, wherein the 
cost of mistakes would be reduced because they aren’t being made on full-scale prototypes 
(Schaaf & Thompson, 1997). They thought VP could simply replace expensive physical 
counterparts. Once more, their predictions are confirmed by modern literature. “In contrast to an 





prototype offers evaluation in the digital world” (Hren & Jezernik, 2008, p. 830). Making use of VP 
allows teams to evaluate and optimize their designs in software before building physical 
components (Mathur, 2007). “With the goal of replacing physical prototypes, VP has a great 
potential to improve the current product development process (Wang, p. 3).” The reduction of PP 
and the associated costs are considered by Bartos (2007) to be the key benefits of VP. de 
Kleuver and Hamlyn (2008) agree that costs; labor, material, and tooling included can be reduced 
while saving time. Santori (2009) puts this in perspective “At a time when resources are 
continually being cut [virtual] prototypes make it possible to create more with less” (p. 31). Other 
researchers elaborate on the time benefits mentioned by de Kleuver and Hamlyn, while they also 
provide more detail. 
 Saving time at the front end, or early in the product lifecycle through the use of VP has 
many advantages. The use of VP allows designers to explore options earlier and thus address 
mistakes sooner in the process. This allows for more time to investigate new opportunities if a 
mistake leads to failure (Santori, 2009). Realizing mistakes as early as possible is the best thing a 
designer can do. “Ricoh Copier reported in one year that the cost of engineering orders is $35 in 
the design phase, while it is $1,777 prior to prototyping, and $590,000 after the product is in 
production (de Kleuver and Hamlyn, 2008, p. 10).” Saving time is also extremely valuable on the 
back end when getting a product to market. de Kleuver and Hamlyn (2008) also assert the first 
20% of builders able to get a product to market will earn 80% of the profits because they can set 
a higher price before competitors can enter the market. Another advantage of using VP in a 
competitive environment is the increased ability to communicate with the customer. 
 The ability to communicate with the customer early in the design process allows builders 
to understand their needs before a physical prototype is built; another cost saving measure. 
Mathur (2007) says VP is an effective way to show a company’s customers how a product will 
behave before investments are made in PP, while also improving the understanding of the 
customers’ requirements. More recently it was declared “The ability to show potential clients a 





feedback before ever building the first physical prototype” (Santori, 2009, p. 31). It’s not only 
recently that experts believed VP could assist customer communication. Schaaf and Thompson 
(1997) believed VP could help sell early designs as a means to procure outside investments.  
2.6. Software 
The combination of Dassault Systems’ SolidWorks and National Instruments’ (NI) 
LabVIEW through NI’s SoftMotion module is a very effective way to virtually prototype 
mechatronics devices. It allows the user to develop CAD geometry in conjunction with the control 
logic to analyze the function and motion profiles of the systems being developed. This has 
numerous advantages that can be realized before physical prototyping, including checking for 
interferences, optimizing materials and component sizes, and motor selection (Mathur, 2007).  
Rockwell Automation has developed software known as Motion Analyzer with a number 
of similar features to the SoftMotion module. Its similar features include coordination with 
SolidWorks and transfer of virtual motion profiles to physical systems also manufactured by 
Rockwell Automation.  
In addition, CADSI has released a product called Motion and Structure Simulation 
Software meant to work in unison with CATIA. CADSI claims its features are useful for concurrent 
design and analysis (Bird, 1997). This makes it useful for virtual prototyping. 
Siemens also entered the market with their Mechatronics Concept Designer capable of 
working with multiple CAD packages. However, like the Rockwell and NI systems, it is limited to 
its proprietary physical systems. 
Finally, LMS created Virtual Lab Motion. It is a motion and logic profiler and analyzer. It is 






It is clear there is a significant agreement across the academic and professional communities 
with respect to mechatronics and virtual prototyping. Although, there are slight variations, the 
basic definition for mechatronics is agreed upon. Numerous sources also agree that virtual 
prototyping is a valuable pursuit. It is valuable in modern design and enables a shift from 




SECTION 3: METHODOLOGY 
There were a number of factors that were considered to determine the advantages of 
virtual prototyping mechatronics devices. VPs can only be effective and useful if they are 
developed with accuracy. That is to say that the researcher’s primary goal was to develop 
accurate functional models under the new paradigm, virtual prototyping. 
Given that virtual prototypes are entirely composed in a computer system, it can be 
difficult to implement them in a system that is based entirely on their physical counterparts. 
Therefore, the most critical part of this research was the development of useful VPs accurately 
representing their corresponding physical system.  
The researcher that developed the VP in this study created the mechanical apparatus, 
control/motion logic, and user interface for an intelligent mechatronics device. Specifically, this 
device is an automated vending system for single serving beverages with 16 product locations. In 
other words, it is a soda can vending machine meant to function similar to those found across the 
globe. The 16 product locations represent a choice of 16 different sodas. To create this, a frame 
was created to hold four shelves. On each shelf, four output rows were created and named “Z 
move assemblies.” Four shelves, each with four output rows, results in 16 available product 
locations. To acquire the product at each of these 16 locations, an automated device was 
mounted to the frame and called the “X-Y picker assembly.” Dassault Systems’ SolidWorks and 
National Instruments’ LabVIEW were used in conjunction via the SoftMotion module to develop 
and analyze the VP of this vending machine.  
Dassault Systems’ SolidWorks is a CAD package used in medium to large enterprises 
across the globe. It was used to develop the solid models for the virtual prototype and selected 
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3.3. Creation of Connection between SolidWorks Assemblies and LabVIEW VIs 
 The final step in creating a virtual prototype was connecting the SolidWorks assemblies 
and the LabVIEW VIs used to control them. The connection of the two is established within a 
LabVIEW project. The previously mentioned SoftMotion Module by NI allows SolidWorks 
assemblies, in addition to VIs, to be imported into a LabVIEW project. The need for three 
separate LabVIEW VIs resulted in the creation of three separate LabVIEW projects, one for each 
VI.  
 Each of these projects recognized the motors defined within the SolidWorks assemblies. 
The individual motors were then united with individual SoftMotion axes. This allowed the motors 
to be called upon as a resource for motion within a VI. In addition to simple axes, numerous axes 
could be bound in coordinate spaces for simultaneous motion of up to three motors. The addition 
of a SolidWorks assembly, LabVIEW VI, and establishing of the connection between the motors 
and axes completed the creation of a generic LabVIEW project. However, each project had 
details that made them unique.  
3.3.1. X-Y Picker Test Project 
 The X-Y picker test project included the SolidWorks test picker assembly, X-Y picker test 
VI, two SoftMotion axes, and a coordinate space. The two axes, Axis 1 and Axis 2, represented 
the horizontal and vertical motion respectively. Coordinate space 1 was the combination of those 
two motions into one simultaneous horizontal and vertical motion. This allowed the picker to move 
in a straight line, directly to the desired location. Making use of the previously defined X-Y picker 
test VI and the test picker assembly, this project was successfully used to analyze the functional 
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Analyzing this virtual prototype was the entire purpose for creating it. It allowed the 
creator to complete a number of necessary tasks in the creation of a new product. These tasks 
included static analysis of the solid model via FEA in SolidWorks, analysis and verification of the 
motion and control logic in LabVIEW, and the final analysis of a functional automated model via 
the SoftMotion module. These analyses allowed the researcher to appropriately size components 
including fasteners, structural members, and motors as well as dial in the timing and location of 
the motion profiles.  
Figure 3.1, introduced at the beginning of this section, is an algorithm that was used as a 
guide in the creation of the VP. It was also developed to analyze the completed VP. The numbers 
shown in rectangles are reference points for the following table, used for the “Analyze” section of 
the algorithm. 
Analysis Solutions 
Were there any collisions? 1   2 
Is there a better material option? 3 
Is there excessive friction? 1   3 
Is there excessive tortional load? 1   3 
Are limit switches appropriately placed? 1 
Was the cycle time optimal? 1   2  4 
Is the mechanical device strong enough? 1   3 
Did machine accurately perform tasks? 4 
Table 3.1. Analysis for optimization of a virtual prototype using Figure 3.1 
Table 3.1 was used with Figure 3.1 in the following way. The designer followed Figure 3.1 
to produce the VP. When analyzing the VP, the questions under analysis in table 3.1 were asked. 
If the answer to the question was “no,” the designer referred back to Figure 3.1 and the 




3.4.1. Static Model Analysis 
 The static model was analyzed exclusively using SolidWorks’ SimulationXpress Analysis 
Wizard. This is a high-level finite element analysis (FEA) tool. It was used to apply loads and 
determine stress levels, deflection, yield, and factor of safety results for important components. 
These components included the Z pusher assembly frame, shelves, load bearing fasteners, and 
picker assembly components.  
3.4.1.1. Z Pusher Assembly Frame 
 The Z Pusher Assembly Frame was analyzed because it bears the load of up to 10 liquid 
filled cans with a mass of 290 grams each. SimulationXpress requires a force input for analysis. 
Thus, a 29N load was applied to the surface on which the cans rested, while the entire 
component was fixed in place. For this particular component, the stress levels were unlikely to 
cause yield. However, the magnitude of deflection would have an impact on functionality. 
Therefore, the displacement results were considered most significant. 
3.4.1.2. Shelf 
The shelf is the component on which all Z pusher assemblies (1030.25 grams per 
assembly) and can loads were applied. This resulted in a force magnitude of 166 N applied 
across the top surface of the shelf. For accuracy, the shelf was fixed only at the six points where 
the mounting fasteners would be located. This created a stress concentration at those areas. The 
analysis of the shelf, therefore, focused on the stress levels in those areas as well as the overall 




3.4.1.3. Load Bearing Fasteners 
 The analysis of the load bearing fasters was among the most important analyses 
addressed for the static model. The designer needed to ensure the fasteners being used would 
not fail under normal conditions. All results of the analysis of the fasteners were considered 
significant. Although, there were different loads being applied to different fasteners, their analysis 
was completed using the same method. Each fastener was treated as a cantilevered beam, fixed 
at the base of the fasteners head. What made each investigation unique was the length of the 
fastener and the load which was applied. 
 The fasteners utilized for the entire prototype were M6x1 socket head cap screws 
composed of alloy steel. However, different lengths were employed for mounting the shelves and 
the picker assembly. The picker assembly utilized 100mm screws, while the shelf mounting 
screws were 40mm in length. The picker assemblies mass of 7812.53 grams and the use of 16 
mounting fasteners resulted in a test load of 5N per screw applied along its length normal to a 
reference plane. The shelf’s mass of 29219.47 grams combined with the Z pusher assemblies 
and can loads resulted in a total load of 452.3N. This force distributed across the six mounting 
fasteners became a test load of 75.4N per screw applied along its length normal to a reference 
plane. 
3.4.1.4. Picker Assembly 
 This assembly was also among the most important analysis being done in this system. Its 
components were required to be strong but also lightweight and their static analysis would ensure 
their strength. The three horizontal rods and the traveling picker became the most important 
components of this assembly. The design of the traveling picker was such that it didn’t require an 
FEA. However, the horizontal rods demanded significant attention. 
 The three rods would together be supporting the load of the 723.23g and a 290g liquid 
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3.4.2.1. Location Verification 
 To accomplish the task of verifying the picker location, the functionality test project was 
employed. The logic for the VI in this project was developed such that, the motion profile 
necessary to reach each of the 16 product locations was connected to a simple button. To test 
the accuracy, each button was activated and the location of the picker was verified through visual 
inspection of the SolidWorks model. 
3.4.2.2. Timing Verification 
 Verifying the timing served two purposes for this system; to make sure motion execution 
took place in the correct order and to ensure it was executed in a timely fashion. The nature of 
programming motion profiles using SoftMotion left very little room for error with respect to the 
execution order. Each motion requires a true signal to begin and returns a true signal when 
complete. Therefore, the move button served as the true signal for the initial acquisition 
movement while the completion trues acted as the activation for the subsequent motions of the Z 
and return motions. However, this was still verified using the functionality test project. To ensure 
the motions did, in fact, execute in the appropriate order, each button was again pressed and the 
ensuing motion was visually inspected.  
It was decided that the system should execute its longest function, the 4-4 location, in 
under six seconds. As a functional requirement, it needed to achieve position with the picker, 
activate and complete the Z pusher function, and return to its original position. To achieve these 
goals, a number of adjustments were made. The functionality VI was used to adjust acceleration, 
deceleration, and velocity of the picker. The screw mates in the solid model were adjusted to 




3.4.2.3. Collision Elimination 
 The final verification of the logic and motion profiles completed was collision detection. 
Making use of the previous two investigations facilitated this final verification. The motion study in 
SolidWorks keeps in memory the motion profile for collision detection. Simply running the 
interference detection function provided the interference results for all the possible actions of the 
picker. 
3.4.3. Automated Solid Model Analysis 
 The previous motion analyses were completed in an environment that lacked the 
opposing forces that exist during real world function. For the motion analysis, the reduced strain 
on the computer processor allowed the verification to be completed much more quickly, but no 
less accurately. However, those verified motions were also analyzed under realistic conditions. 
The effects of gravity and friction were enabled and more trials were run. The purpose of which 
was to discover the torque necessary to achieve the velocities and accelerations that were 
established as functional requirements. The torque and velocity requirements were then used in 
the selection of appropriate DC motors that drove physical system. To analyze the system 
considering the opposing forces of nature, the X-Y picker test project and the Z pusher project 
were called upon. However, it was first necessary to define the opposing forces. 
3.4.3.1. Opposing Forces 
During real world function, there are a number of outside forces that act on the system. 
These forces were simulated during the analysis of the automated solid model. They included 
gravity and friction forces acting as a result of the moving parts themselves, and the forces 
created by the movement of the products. Features within SolidWorks allowed the researcher to 
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Figure 3.20. Opposing force of can applied to X-Y picker assembly 
 Enabling the opposing forces was necessary to achieve valid results. After ensuring the 
forces were enabled and the timing/velocity requirements were satisfactory, trial runs were 
completed to determine the required torque levels for normal function. Discovering the required 
torque was necessary for motor selection. The power levels of a DC motor in watts is the product 
of applied torque in N-m and angular velocity in rad/s (eq. 1). 
ܲ	 ൌ ߬	 ∗ ߱ 
Equation 1. DC motor power 
Using eq. 1 along with the torque and velocity requirements motors were chosen as candidates 
for use in a physical prototype.  
3.5. Incomplete Proposal Items 
 There were a number of proposed items that were not completed. The cost analysis, 
proposed tracking of user accounts, and the capability to rearrange the contents based on self-
sensing were not completed. The reasons for incompletion varied. Some functions were found to 
be unnecessary while others were not capable of being completed with the available resources.  
3.5.1. Cost Analysis 
 While an important reason for creating a virtual prototype may be the reduction of 
developmental costs, the scope of this study was narrowed to only the creation of a VP. A cost 
analysis would have been done if a larger portion of the product’s lifecycle were being examined. 
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SECTION 4. RESULTS 
 The purpose of this project was to develop a virtual prototype and analyze it to determine 
their validity and usefulness for mechatronics devices. Notable results from the creation and 
analysis of the virtual prototype were found in two of areas. These areas include the static 
analysis of the solid model and dynamic analysis of the automated model. 
4.1. Static Model 
 The critical components of the static model were analyzed to determine if they could 
withstand the loads applied to them during use. FEA via SolidWorks’ SimulationXpress Analysis 
Wizard was done to the Z pusher frame, shelf, load bearing fasteners, and picker assembly to 
achieve the necessary quantitative results.  
4.1.1. Z Pusher Frame 
 The most important consideration for this component was deflection due to the loads 
applied by product storage. It was important to be sure the framework didn’t bend significantly 
while in use. FEA revealed negligible deflection levels at a maximum of 1.13695e-007m.  
4.1.2. Shelf 
This component supports the weight of one quarter of all possible products and Z pusher 
assemblies. Therefore, it must be capable of supporting a considerable load without deflecting 




2.98257e+006N/m^2 max stress was revealed. The stress level fell under the 5.5149e+007N/m^2 
yield strength.  
4.1.3. Load Bearing Fasteners 
The design had two sets of load bearing fasteners. M6X1.0 fasteners were used 
throughout the device, but varied length distinguished the sets. The set used to support the 
shelving experienced a larger load, but were shorter in length while the opposite was true for 
those supporting the picker assembly. Again, deflection displacement and stress levels were 
considered for both sets.  
Displacement levels for the shorter, shelving fasteners reached 4.93328e-005m; 
acceptable. Stress levels remained below a yield strength of 6.2042e+008N/m^2 at 
1.58801e+008N/m^2. Displacement levels for the longer, picker assembly fasteners reached 
4.81889e-005 m; acceptable. Stress levels remained below the same yield strength of 
6.2042e+008N/m^2 at 2.25462e+007N/m^2. 
4.1.4. Picker Assembly 
Aside from the fasteners, the analysis of the picker assembly was most critical. The 
displacement and stress levels on the horizontal rods were most critical of these results. The 
unthreaded rods purposed for guiding smooth operation deflected a mere 3.07268e-007m. This 
was an acceptable level. Yield strength for these rods was 2.75e+008N/m^2. The experienced 
stress of 140549N/m^2 did not exceed yield strength. The third, largest, rod purposed for 
applying movement forces had a higher yield strength of 6.2042e+008N/m^2, and under load was 
not exceeded by the maximum stress of 814655N/m^2. Deflection displacement was also 




4.2. Control Logic and Motion Profiles 
The LabVIEW created control logic and motion profiles were analyzed to verify they 
functioned properly. They needed to achieve the correct location, timing, and do so without 
collision. 
4.2.1. Location Verification 
 The results for the verification of the location were entirely qualitative. Quantitative 
adjustments were made to ensure the X-Y picker and Z pusher assemblies moved to the correct 
positions based on input. After they were adjusted appropriately, they moved precisely to the 
positions necessary. The locations were verified through visual inspection.  
4.2.2. Timing Verification 
 The results for the verification of the timing were also entirely qualitative. But like the 
location verification, again, the adjustments were quantitative. To ensure the motions for the 
longest cycle fell under six seconds, velocity, acceleration, and deceleration of the X-Y picker Y 
motor were all set to 10,000deg/s(^2). The only change in the X motor was the velocity was 
reduced to 9,000deg/s. These rotational velocities are equivalent to 1,650 and 1,500RPM 
respectively. The Z pusher was adjusted to 5,000deg/s velocity (833.3RPM).  
4.2.3. Collision Elimination  
 The motion study results for the location verification were used to detect collisions. 
Simply running the interference detection over time resulted in no collisions. These results can be 
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Figure 4.2. Applied torque to X axis motor vs. time 
4.3.2. Y Motor 
The required torque for the Y direction motion was much higher at 0.13N-m. This led to a 
22.46W output requirement. In this case, a 30W motor was chosen, again for versatility. The 

































































Figure 4.3. Applied torque to Y axis motor vs. time 
4.3.3.  Z Motor 
 It was found that to move the Z pusher at the appropriate speeds, torque and power 
levels of 0.027N-m and 2.36W, respectively, were needed. This torque, speed, and power 
requirement fell in the functional range of the LEISON MOTOR LS-PG28M395. The torque 



























































































































SECTION 5. CONCLUSIONS 
 Virtual prototyping of mechatronic devices is a burgeoning field. CAD, FEA, control logic, 
and motion studies have been around for decades, but their combination through VP will become 
more important over time. Proving the validity of mechatronic VP was the main goal for this 
project and, in general, it was met. Unfortunately, there were some shortcomings in the details. 
 The ability to effectively connect SolidWorks with LabVIEW via SoftMotion, control an 
assembly through that connection, and monitor the results was very successful. Adjusting the 
displacements and velocities of various components for optimal results was made quite simple by 
the software. Unfortunately, the means of doing so was cumbersome. In the experience of this 
study, subassemblies, even when solved as flexible, were not able to be controlled. Also, patterns 
of parts could not be controlled without error. This resulted in the tedious requirement to import 
and mate each assembly component individually.  
 The analysis phase was also somewhat limited by resources. SolidWorks’ FEA tool is 
incapable of executing its functions with the SoftMotion add-in. While it can analyze simple 
motion inputs, it cannot do the same with the LabVIEW controlled profiles. This limited 
significantly the valuable analysis of the device. 
 This study was also meant to focus specifically on mechatronics devices. An important 
trait, not obvious in the name, of mechatronics devices is their use of sensing elements. This 
combination of software did allow for some sensing, but not nearly the amount required for 
legitimate mechatronics. This was easily the biggest shortcoming of the study. It limited 
significantly the capability of this device and any future devices created using this method. 
Therefore, it is only useful for simple systems’ pre-programmed motion verification. 
 Reliability was also an issue. The nature of the connection between the two softwares 




were being executed, it needed to be enabled. If changes to the programming or geometry were 
being made, it needed to be disabled. Although, this process was a simple one to complete, the 
consistency of connection was not reliable. Frequently simple changes were made, such as the 
final displacement of a motor. All this was meant to do was change the distance traveled by a 
component. Unfortunately, after the change was made, the connection could not always be 
reestablished. There was no reason for the connection to be denied and the only solution was 
restarting the software and/or computer. This, unnecessarily, added a significant amount of time 
and frustration to the study. 
 Further unreliability included the output results. Often, two consecutive trials would result 
in significantly different results. This appeared to be a processing error as it could be mitigated by 
frequent restarts of the computer. This may have been a result of a lack of computing power by 
the computer being used or an error caused by running the software over a network as opposed 
to locally on the machine itself. 
5.1. Recommendations for Further Study 
This study showed that, to an extent, virtual prototypes could be created using 
SolidWorks, LabVIEW, and the SoftMotion module. However, it remains not validated in the 
physical world. Therefore, a recommendation is to actually build a physical prototype of the 
system. National Instruments offers physical components that can be used to control a physical 
system using the same logic and motion profiles developed in this study. Testing them would be 
an extremely valuable pursuit. 
 Also, duplicating this study using other available virtual prototyping softwares available 
would be valuable. The versatility and reliability of the SoftMotion Module have been brought into 
question by this study. Other packages may be more versatile and reliable. Comparing these 
results to those obtained by a different software package would provide future users with a 




 This study was delimited by the versions of the available software that were used. The 
future versions may be made more useful by added features and prove to be more reliable. The 
two most useful features that could be added would be the ability to map all sensor types 
available in SolidWorks and use SimulationXpress for FEA on SoftMotion created profiles. If 
these features were added, and the system was made more reliable, returning to this study and 
making use of these features would make this project and others more robust and remove all 
shortcomings from the conclusions. 
 Finally, a simple recommendation would be installing the software on a more powerful 
computer system. Running the software locally on a high power machine could very well reduce 
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Appendix B: Specification Data for Selected Motors 
 
Quick Details 
Place of Origin: Zhejiang 
China (Mainland)  
Brand Name: LEISON MOTOR Model Number: LS-PG28M395 
Usage: Home Appliance  Certification: CE, ROHS  Type: Micro Motor  
Torque: customized  
Construction: Permanent 
Magnet  
Commutation: Brush  
Protect Feature: Totally 
Enclosed  
Speed(RPM): 1.5-1800rpm  
Continuous Current(A): 
customized  
Output Power: 0.5-5W  Voltage(V): 6-24V  
dc planetary gear motor: dc 
planetary gear motor 




Delivery Detail 20Days 
Specifications 
24v dc planegtary gear motor  
1.Power :1.5-5W  
2.Speed:1rpm-1500rpm  
3.Specs are customized  
4.High Torque,low noise 
24v dc planetary gear motor 
Application : 
Pan/tilt cameras, Grill,Oven, Cleaning machine, Garbage disposers, Packing bank note machine, 
Coffee machine, Medical machine, Manotat, Amusement equipment, Infusion pumps, 
Office equipment, Household appliances, Automatic actuator. 
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Place of Origin: Zhejiang 
China (Mainland)  
Brand Name: LND  Model Number: L-6495 Series  
Usage: Boat, Car, Electric 
Bicycle, Fan, Home A...  
Certification: CE, ROHS  Type: Micro Motor  
Torque: 1900g.cm  
Construction: Permanent 
Magnet  
Commutation: Brush  
Protect Feature: Explosion-
proof  
Speed(RPM): 2000rpm  Continuous Current(A): 0.25A  
Output Power: 30W  Voltage(V): 12V  Efficiency: IE 1  
Usage: Universal  Protect Feature: Enclosed  Function: Driving  
Speed: Constant Speed  Power: DC  Structure: PMDC MOTOR  
Phase: Other  Shape: cylinder   




Delivery Detail One month 
Specifications 
1)Brush,customization;  




DC Motor L-6495 Series  
  
Typical Applications: 






Diameter: 64mm; Round Length: 95mm. 
 
Technical Parameter: 
MODEL           





SPEED CURRENT SPEED CURRENT TORQUE OUTPUT EFFICIENCY TORQUE CURRENT
RPM A RPM A g.cm N.m W % g.cm N.m A 
L6495-A 22-30 24.0V 2500 0.25 2000 2.00 1530 0.150 31.38 65.38 8670 0.85 11.0 
L6495-
A1 














Appenix C: Bill of Materials 




4 Z Move Frame 16
5 Z Move Pusher 16
6 Z Move Rod Threaded 16
7 Z Move Rod UnThreaded 32
8 PickerGuide TopBottom 4
9 PickerRod Threaded 1
10 PickerRod Threaded Horizontal 1
11 PickerRod UnThreaded 4
12 PickerRod UnThreaded Horizontal 2
13 PickerTraveler LeftRight 1
14 PickerTraveler TopBottom 2
15 Picker Mounting Bracket 4
16 Front Spacer 1
17 Front Cover 1
18 TFS Cover 1
19 Viewing Glass 1
20 X Motor 17





26 M4  Rivets 80
27 M6X1.0X30 24





Appendix D: FEA Results 
 
PART LOAD (N) DEFLECTION (MAX STRESS (N/m^2) YIELD STRESS (N/m^2)
Shelf 166 2.25E‐05 2.98E+06 5.51E+07
Shelf Fastener 75.4 4.93E‐05 1.59E+08 6.20E+08
PickerRod Threaded Horizontal 4 6.37E‐06 814655 6.20E+08
PickerRod UnThreaded Horizontal 4 3.07E‐07 140549 2.75E+08
Picker Fastener 5 4.82E‐05 2.25E+07 6.20E+08
Z Move Frame 29 1.14E‐07 50055.4 2.75E+08  
 
